Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is considered to be the sixth most common cancer all over the world, and believed to be the second cause of cancer-induced mortality for men and sixth for women; according to GLOBOCAN, in 2018, about 745,517 deaths were a direct result of HCC. HCC arises in most cases as a complication of end-stage liver disease, secondary to either viral hepatitis (chronic hepatitis C infection or chronic hepatitis B infection) or other non-viral chronic liver diseases.[@CIT0001]

Most cases of HCC are asymptomatic in the early stages so most HCC cases are detected in later stages of the disease, leading to difficulty in treatment and a low possibility to reach curability states. Curative treatment options such as surgical resection or liver transplantation can be applied to a small number of patients with preserved liver function. The HCC prognosis remains disappointing, with a 5-year survival rate of 6.9%, an incidence-to-mortality ratio of 0.95 and a median overall survival rate of only 11 months. Therefore, early diagnosis of HCC is the cornerstone for improved patient outcomes.[@CIT0002]

Multiple biomarkers, eg, alpha﻿-fetoprotein (AFP), AFP-L3 or Des-γ-carboxyprothrombin (DCP), are used or under investigation for screening and early detection of HCC patients. AFP is the most common and most frequently used biomarker. However, sensitivity ranges from 25% for tumors less than 3 cm to 50% for lesions more than 3 cm in diameter. Thus, there is an unmet need for developing new biomarkers for HCC with better diagnostic performance.[@CIT0003]

Golgi Protein 73 (GP73) is a 73-kD resident Golgi membrane protein of unknown function. GP73 messenger RNA levels were detected in HCV﻿-related human liver disease. Investigators also considered GP73 as a potential biomarker for early detection of HCC. Serum GP73 levels demonstrate increased sensitivity in relation to AFP in the early diagnosis of HCC.[@CIT0004]

Aim of Work {#S0002}
===========

There is a scarcity in the published literature regarding the diagnostic performance of GP73 compared to AFP for early detection of cirrhosis-related HCC. Therefore, we conducted this study aiming to evaluate the diagnostic accuracy of GP73 compared to AFP for early detection of cirrhosis-related HCC.

Methods {#S0003}
=======

Study Design {#S0003-S2001}
------------

Our study was a case--control study that was conducted through the period from August 2018 to July 2019 at the Internal Medicine Department of Aswan University Hospital. The patients were divided into two groups: ﻿1) HCC patients with (chronic HBV or HCV infection) (n=30); and ﻿2) non-HCC patients with HBV or HCV infection who had either chronic hepatitis or liver cirrhosis (n=30). In addition, 30 healthy volunteers were included as a control group.

Data Collection {#S0003-S2002}
---------------

In the present study, all eligible patients were subjected to:

\* Full history taken.

\* Physical examination.

\* Liver function tests.

\* Kidney function tests.

\* Detection of serum AFP levels: AFP was detected using the Cobas e411 (Roche) chemiluminescence immunoassay analyzer. It is considered as high if the serum level of AFP is \>7 μg/L.

\* Detection of serum Golgi protein 73 levels: serum GP73 was determined using an ELISA kit provided by GSCIENCE, Glory Science Co., LTD, USA. Kits adopted on a coated microtiter plate with monoclonal antibody specific for human GP73 make the solid phase antibody. Five standard sample wells and one blank control well were assigned to the microtiter plate. The serum sample of the patient was diluted four times with the diluent of the sample (multiplied by the dilution factor). Then, slanders were added to the assigned wells followed by samples. The microplates were sealed with sealing tapes and incubated at 37 °C for 60 min. The plates were thoroughly rinsed five times using the washing solution. Then, conjugate was added to form an antibody--antigen--enzyme--antibody complex. The plates were sealed with sealing tapes again and incubated at 37 °C for 30 min. The plates were thoroughly rinsed five times again and each well was supplemented with color reagents A and B TMB substrate solution (50 μL each) for the color reaction at 37 °C for 20 min (TMB substrate becomes blue when HRP enzyme-catalyzed). The reaction is finished by the addition of a stop solution and the color change is estimated at a wavelength of 450 nm. Using graph paper, the standard curve is plotted and the concentration of GP73 in the samples is then estimated by comparing the optical density (OD) of the samples to the standard curve.

\* HCC group: the diagnosis of HCC was done according to the American Association for the Study of Liver Disease (AASLD) practice guidelines: ﻿1) a single lesion of 1 cm or more, early arterial enhancement and washout during the delayed venous phase on both dynamic computerized tomography scan (CT) and magnetic resonance imaging (MRI) were required to diagnose HCC; and ﻿2) ﻿a lesion of 2 cm or more, arterial enhancement and washout during the delayed venous phase on at least one imaging study were required to diagnose HCC (either dynamic CT scan or MRI).

\* Non-HCC group: adult patients with proven cirrhosis or chronic hepatitis. The diagnosis of cirrhosis was done according to clinical, laboratory and imaging data. The symptoms and signs may include ascites, jaundice, bleeding tendency, anorexia, portal hypertension, hypersplenism and encephalopathy. Viral etiology was diagnosed by HBVs antigen and HCV Abs.

Ethical Statement {#S0003-S2003}
-----------------

We confirm that the present study runs in compatibility with international ethical standards and applicable local regulatory guidelines. The study does not have any physical, psychological, social, legal, economic or any other anticipated risks to the study's participants. Participants in the study were informed about objectives, methods, risks and benefits. A written informed consent was obtained from each eligible patient in the study. The study was reviewed and approved by the ethics committee of the Faculty of Medicine, Aswan University.

Statistical Analysis {#S0003-S2004}
--------------------

An Excel spreadsheet was performed for data entry. ﻿Validation checks are used on numerical variables and an option-based data entry method for categorical variables to minimize potential errors. The analyses were done by SPSS software (Statistical Package for Social Sciences, version 24; IBM Corporation, Armonk, NY, USA). The normality of data was assessed using the Shapiro--Wilk ﻿test. Numerical data were described as mean±SD if normally distributed﻿, or median and interquartile range ﻿(IQR) if not normally distributed. Frequency tables with percentages were used for categorical variables. Independent Student's *t*-test and ANOVA test were used to compare parametric quantitative variables, while the Mann--Whitney test and Kruskal--Wallis test were used to compare non-parametric quantitative variables. The chi-square test was used to analyze categorical variables. Medcalc program version 15.8 was used to calculate sensitivity, specificity, positive and negative predictive values and ROC curves. A *p*-value \<0.05 is considered statistically significant.

Results {#S0004}
=======

Our study included 90 subjects who were divided in equal ratio into the following groups: HCC group: 30 HCC patients with either chronic HBV or HCV infection. The mean age of patients was 63.7±8.1 years and the majority of patients were males (83.3%).Non-HCC group: 30 patients with HBV or HCV infection who had either chronic hepatitis or liver cirrhosis. The mean age of patients was 59.9±9 years and the majority of patients were males (80%).Control group: 30 healthy volunteers. The mean age of the group was 38.7±7.4 years and the majority were males (60%).

There was a statistically significant difference between groups in terms of age (*p*\<0.001). Patients with HCC and non-HCC patients were significantly older than the control group. On the contrary, there was no statistically significant difference between groups in terms of gender (*p*=0.81) ([Table 1](#T0001){ref-type="table"}). Table 1Basic Data of the Study PopulationVariablesHCC (N=30)^p1^Non-HCC (Chronic Hepatitis and Cirrhosis) (N=30)^p2^Control (N=30)^p3^*p*-value**Age in years** Mean±SD63.7±8.1^b^59.9±9^c^38.7±7.4\<0.001 Median (IQR)65 (47−80)58 (45−75)39 (22−56)**Gender, N (%)** Male25 (83.3 %)24 (80%)18 (60%)0.081 Female5 (16.7%)6 (20%)12 (40%)**Viral infection, N (%)** HCV22 (73.3%)19 (63.3%)--0.091 HBV8 (26.7%)11 (36.7%)--[^1]

There was a statistically significant difference between groups in terms of serum albumin (*p*\<0.001), total bilirubin (*p*\<0.001), serum aspartate aminotransferase (AST) (*p*\<0.001), serum alanine aminotransferase (ALT) (*p*\<0.001) and prothrombin time (PT) (*p*\<0.001). Non-HCC patients and HCC patients had significantly lower serum albumin and higher total bilirubin, serum AST, serum ALT and PT than the control group ([Table 2](#T0002){ref-type="table"}). Table 2Laboratory Characteristics of the Study PopulationVariablesHCC\
(N=30)^p1^Non-HCC Patients (Chronic Hepatitis and Cirrhosis) (N=30)^p2^Control (N=30)^p3^*p*-value**Albumin (g/dL)** Mean±SD2.8±0.7^b^2.6±0.5^c^4.3±0.5\<0.001 Median (range)2.6 (2.2−3.3)2.5 (2.3−3.6)4.2 (3.9−4.75)**Bilirubin (mg/dL)** Mean±SD3.14±2.9^b^3.5±3.7^c^0.58±0.16\<0.001 Median (range)2.9 (0.7−3.5)2.2 (2.1−5.3)0.5 (0.45−0.75)**AST (IU/L)** Mean±SD54.2±15.8^b^48.1±8^c^23.8±6\<0.001 Median (range)50.5 (36−95)48 (33−62)23 (17−34)**ALT (IU/L)** Mean±SD68.3±20.2^b^65.5±20^c^25.4±5.4\<0.001 Median (range)67 (42−111)60 (42−102)24 (18−32)**PT (seconds)** Mean±SD16.8±6.7^b^16.6±1.8^c^12±0.8\<0.001 Median (range)15.8 (14.9−17.1)16.4 (15.5−18)12 (11.3−12.8)[^2]

There were statistically significant differences between groups in terms of serum AFP (*p*\<0.001) and GP73 (*p*\<0.001). Non-HCC patients and HCC patients had significantly higher AFP and GP73 than the control group. In addition, patients with HCC had significantly higher AFP and GP73 than non-HCC patients ([Table 3](#T0003){ref-type="table"}). Table 3Biomarker Findings of the Study PopulationVariablesHCC (N=30)^p1^Non-HCC Patients (Chronic Hepatitis and Cirrhosis) (N=30)^p2^Control (N=30)^p3^p-value**AFP** Mean±SD1085.2±1465.4^a,b^22±19.6^a,c^1.24±0.38\<0.001 Median (IQR)536.5 (8−4840)21 (2.6--87)1.1 (0.9−1.9)**GP73** Mean±SD11.1±8.5^a,b^4.4±2.9^a,c^1.4±1.6\<0.001 Median (IQR)8.9 (0.88−33)3.3 (1.9−12.9)0.6 (0.19−5.6)[^3]

AFP was a significant discriminator of HCC. At a cut-off value of ≥2.4 ng/mL, AFP yielded a sensitivity of 75.4% and specificity of 90% for the discrimination between HCC and normal populations. Similarly, at a cut-off value of ≥20.85 ng/mL, AFP yielded a sensitivity of 72.2% and specificity of 86.2% for the discrimination between HCC and non-HCC patients ([Table 4](#T0004){ref-type="table"}) ([Figure 1](#F0001){ref-type="fig"}). Table 4The Area Under the Curve and Diagnostic Accuracy of AFPVariableAUC, 95% CI*P*-valueCut-Off PointsSensitivitySpecificityPPVNPVHCC versus control0.85 (0.61--100.0)0.001≥2.4 ng/mL75.4%90%88.3%78.5%HCC versus non-HCC patients0.85 (0.80--0.90)0.001≥20.85 ng/mL72.2%86.2%83.9%75.9%[^4] Figure 1The area under the curve and diagnostic accuracy of AFP for HCC patients versus non-HCC patients (chronic hepatitis and liver cirrhosis).**Abbreviations:** AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.

GP73 was a significant discriminator of HCC. At a cut-off value of ≥8.4 ng/mL, GP73 yielded a sensitivity of 86.7% and specificity of 89% for the discrimination between HCC and normal populations. Similarly, at a cut-off value of ≥8.45 ng/mL, GP73 yielded a sensitivity of 83.3% and specificity of 84% for the discrimination between HCC and non-HCC patients ([Table 5](#T0005){ref-type="table"}) ([Figure 2](#F0002){ref-type="fig"}). Table 5The Area Under the Curve and Diagnostic Accuracy of GP73VariableAUC, 95% CIp-valueCut-Off PointsSensitivitySpecificityPPVNPVHCC versus control0.96 (0.92--0.99)0.001≥8.4 ng/mL86.7%89%88.7%86.9%HCC versus non-HCC patients0.83 (0.72--0.93)0.001≥8.45 ng/mL83.3%84%86.2%81.5%[^5] Figure 2The area under the curve and diagnostic accuracy of GP73 for HCC patients versus non-HCC patients (chronic hepatitis and liver cirrhosis).**Abbreviations:** GP73, G﻿olgi protein 73; HCC, hepatocellular carcinoma.

There was a significant association between both biomarkers. Patients with AFP≥20 ng/mL had significantly higher GP73 values than patients with AFP\<20 ng/mL (*p*\<0.001). The combination of both biomarkers yielded a sensitivity of 97% and specificity of 89% for the differentiation between HCC and normal populations. Similarly, the combination yielded a sensitivity of 91% and specificity of 86% for the differentiation between HCC and non-HCC patients ([Figure 3](#F0003){ref-type="fig"}).Figure 3The area under the curve and diagnostic accuracy of the combination of GP73 and AFP for HCC patients versus non-HCC patients (chronic hepatitis and liver cirrhosis).**Abbreviations:** AFP, alpha-fetoprotein; GP73, G﻿olgi protein 73; HCC, hepatocellular carcinoma.

Discussion {#S0005}
==========

Our study included 90 subjects who were divided in equal ratio into the following groups: HCC group: 30 HCC patients with either chronic HBV or HCV infection. The mean age of patients was 63.7±8.1 years and the majority of patients were males (83.3%).Non-HCC group: 30 patients with HBV or HCV infection who had either chronic hepatitis or liver cirrhosis. The mean age of patients was 59.9±9 years and the majority of patients were males (80%).Control group: 30 healthy volunteers. The mean age of the group was 38.7±7.4 years and the majority were males (60%).

HCC is characterized by more male incidence than females. The male-to-female incidence ratio of HCC varies between 2:1 and 4:1. Older age above 50 years is a certain risk factor for HCC.[@CIT0005] On the other hand, chronic viral hepatitis can lead to cirrhosis and/or HCC. Chronic hepatitis B and C are the most common causes of chronic hepatitis in the world.[@CIT0006]

In line with our findings, Alswat et al[@CIT0007] conducted a retrospective study to evaluate the clinical features and outcomes of HCC in Saudi Arabia in two tertiary care centers. Patients who have been diagnosed with hepatocellular carcinoma are included in the study. The study was about 5 years from June 2003 to July 2008, and 363 patients were included in the study. The mean age of patients was 66 years, 74% of patients were males and hepatitis C was the main dominant cause of liver disease in 48% of patients.

AFP was first described in 1953 as a fetal form of albumin and a marker for HCC. It has since become the best described and most used marker in HCC. It has been recognized for its usefulness in prognosis, its relationship to various indices of HCC human biology, its use in non-biopsy HCC diagnosis, its use in evaluation of responses to treatment and also can be used for screening of HCC which is done usually with imaging tools especially abdominal ultrasound in patients with hepatitis or cirrhosis who are known to be at risk for HCC development. However, not all HCC tumors are AFP positive or secrete elevated amounts of AFP into the serum.[@CIT0008]

In our study, we found that non-HCC patients and HCC patients had significantly higher AFP than the control group. In addition, patients with HCC had significantly higher AFP than non-HCC patients. However, the diagnostic accuracy of AFP was relatively low. At a cut-off value of ≥2.4 ng/mL, AFP yielded a sensitivity of 75.4% and specificity of 90% for the discrimination between HCC and normal populations. Similarly, at a cut-off value of ≥20.85 ng/mL, AFP yielded a sensitivity of 72.2% and specificity of 86.2% for the discrimination between HCC and non-HCC patients.

In agreement with our findings, Soresi et al[@CIT0009] evaluated the best cut-off value for serum AFP to differentiate between liver cirrhosis and HCC. The study included 372 patients with liver cirrhosis and 197 with HCC-associated cirrhosis. The area under the ROC curve was 0.81±0.02; the best determined cut-off value was 20 ng/mL. At this level, sensitivity was 65% and specificity 89%.

More recently, Mehinovic et al[@CIT0010] aimed to evaluate the diagnostic value of AFP in estimation of patients with HCC from cirrhotic patients and also to analyze the potential correlation between AFP levels and stages of liver cirrhosis. Their study included 50 patients with HCC and 50 patients with liver cirrhosis. Most of the study populations were males and chronic hepatitis B was the main etiology. HCC patients had high AFP values in comparison to patients with liver cirrhosis. An AFP value of 23.34 ng/mL showed a sensitivity of 84% and specificity ﻿of 82%.

On the contrary, other studies reported a much lower diagnostic performance of AFP for discrimination of HCC. Ahn et al[@CIT0011] examined retrospective medical records of cirrhotic patients and HCC patients in three hospitals in Korea, aiming to determine the likelihood of using AFP as a diagnostic tool for HCC. The study included 732 patients with liver cirrhosis or HCC and control persons. The area under the curve for all HCC patients was 0.757. The sensitivity, specificity and positive predictive value of AFP at a cut-off of 20 ng/mL was 50.55%, 87.70% and 80.43%, respectively.

Similarly, Durazo et al[@CIT0012] performed a prospective study to determine the optimum level of AFP with the best sensitivity and specificity for HCC diagnosis. The study included 240 patients divided into 144 with HCC, 47 with chronic hepatitis and 49 with cirrhosis. The results of their study showed that the cut-off value with the best sensitivity and specificity for AFP was ≥25 ng/mL. Sensitivity, specificity and positive predictive value for AFP were 69%, 87% and 69.8%, respectively.

Our explanation for lower sensitivity in previous studies is that our study only involves patients with viral etiology, whereas in previous studies viral etiology was dominant, but other etiologies were also involved.

A good prognostic biomarker should have no significant correlation with demographic characteristics. Our study showed that there were no statistically significant correlations between serum GP73 and demographic data (including age and gender).

In agreement with our findings, Jiao et al[@CIT0013] did their study on 443 patients (180 patients with HCC, 61 patients with liver cirrhosis, 99 patients with chronic hepatitis, 103 healthy control subjects) aiming to determine the diagnostic value of GP73 for HCC diagnosis and also the correlation between the GP73 level and demographic data of HCC patients. The results showed no correlation between gender or age and serum GP73 level within the HCC group.

Similarly, Wang et al[@CIT0014] did their study on 60 liver transplantation patients and 72 healthy subjects aiming to determine the correlation between the GP73 level and tumor recurrence after liver transplantation. They estimated serum GP73 and AFP levels. Their results showed no correlation between gender or age and serum GP73 level within the HCC group.

Regarding the primary outcome of the present study, we found that there were statistically significant differences between groups in terms of GP73 (*p*\<0.001). Non-HCC patients and HCC patients had significantly higher GP73 than the control group. In addition, patients with HCC had significantly higher GP73 than non-HCC patients. Notably, GP73 had higher diagnostic performance than AFP. At a cut-off value of ≥8.4 ng/mL, GP73 yielded a sensitivity of 86.7% and specificity of 89% for the discrimination between HCC and normal populations. Similarly, at a cut-off value of ≥8.45 ng/mL, GP73 yielded a sensitivity of 83.3% and specificity of 84% for the discrimination between HCC and non-HCC patients.

In concordance with our findings, Yang et al[@CIT0015] did 11 studies (meta-analysis studies) aiming to estimate the diagnostic accuracy of GP73 as sensitivity and specificity. The summary of their results for GP73 serum levels as a biomarker in the diagnosis of HCC was as follows: sensitivity, 77% (95% CI, 75--79%); and specificity, 91% (95% CI, 90--92%).

Moreover, Zhou et al[@CIT0016] performed ﻿eight meta-analysis studies to evaluate the diagnostic accuracy as sensitivity, specificity and other measures for serum GP73 in comparison to AFP for diagnosis of HCC. Their results summary in the included studies for serum GP73 and AFP in HCC diagnosis was as follows: sensitivity, 76% (95% CI, 51--91%) vs 70% (47--86%); and specificity, 86% (95% CI, 65--95%) vs 89% (69--96%).

The exact mechanism by which the GP73 increases in HCC is not known, but the exact mechanism by which GP73 can pass into circulation has been worked out in multiple cell culture studies. GP73 has been shown to be overexpressed and detected in malignant liver tumors compared to non-cancer tissues. It is noted also that the degree of GP73 expression was correlated with the tumor number and size.[@CIT0017]

However, it should be noted that other published studies reported lower sensitivity of GP73. In Marrero et al\'s[@CIT0018] study, GP73 had a sensitivity of 69% and specificity of 75% at the optimal cut-off point. GP73 levels were significantly more sensitive than AFP for early diagnosis of HCC (*P*\<0.0001).

Also, Shi et al[@CIT0019] performed their study on 73 patients with HCC, 13 patients with cirrhosis, 32 patients with chronic hepatitis and 62 healthy persons to determine the diagnostic accuracy of GP73 and AFP in diagnosing HCC. The sensitivity for serum GP73 and AFP in the diagnosis of HCC was 68.5% and 28.8%, respectively.

Again, the exact causes of lower sensitivity in the above﻿-mentioned studies than in our study are unclear. However, this can be attributed to different population characteristics as we included only patients with viral etiology.

Notably, our analysis demonstrated that the combination of GP73 and AFP yielded a sensitivity of 97% and specificity of 89% for the discrimination between HCC and normal populations. Similarly, the combination yielded a sensitivity of 91% and specificity of 86% for the discrimination between HCC and non-HCC patients.

Similarly, in Dai et al\'s[@CIT0020] multiple meta﻿-analytic studies for evaluation of diagnostic accuracy of combined GP73 and APF levels, the summary of their results showed the following: pooled sensitivity and specificity were, respectively, 0.77 (95% CI: 0.75--0.79) and 0.91 (95% CI: 0.90--0.92) for GP73; 0.62 (95% CI: 0.60--0.64) and 0.84 (95% CI: 0.83--0.85) for AFP; and 0.87 (95% CI: 0.85--0.89) and 0.85 (95% CI: 0.84--0.86) for GP73 plus AFP.

Conclusion {#S0006}
==========

Golgi protein 73 is a promising and good biomarker for early detection of HCC that can be a novel risk stratification factor and a potential therapeutic molecular target for HCC. Our study showed that the level of GP73 was significantly higher in HCC patients in comparison to non-HCC patients (chronic hepatitis and liver cirrhosis) and a healthy population. This study demonstrated a moderate value of GP73 in HCC diagnosis. GP73 exhibited also a higher diagnostic accuracy than AFP; while a combination of GP73 plus AFP for HCC detection had a higher diagnostic performance than each biomarker alone. However, some limitations, such as being a small sample-sized, single-centre study and including only viral etiology, have been considered in our study. So, further and more studies with strict designs, large sample sizes, different etiologies and multiple collaboration centers are therefore needed.
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[^1]: **Notes:** Data are presented as mean±SD (standard deviation), median (range) or number (%). ^b^p1 versus p3 \<0.05; ^c^p2 versus p3 \<0.05.

    **Abbreviations:** HCV, chronic hepatitis C; HBV, chronic hepatitis B.

[^2]: **Notes:** Data are presented as mean±SD (standard deviation) or median (range). ^b^p1 versus p3 \<0.05; ^c^p2 versus p3 \<0.05.

    **Abbreviations:** AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time.

[^3]: **Notes:** Data are presented as mean±SD (standard deviation) or median (﻿range). ^a^p1 versus p2 \<0.05; ^b^p1 versus p3 \<0.05; ^c^p2 versus p3 \<0.05.

    **Abbreviations:**- AFP, alpha-fetoprotein; GP73, Golgi protein 73.

[^4]: **Abbreviations:** HCC, hepatocellular carcinoma; AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

[^5]: **Abbreviations:** HCC, hepatocellular carcinoma; AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
